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Abstract:  
Cerium ions (Ce3+) can beselectively doped into the TiO2(B) core of TiO2(B)/anatase core–shell 
nanofibers by means of a simple one-pot hydrothermal treatment of a starting material of hydrogen 
trititanate (H2Ti3O7) nanofibers. These Ce3+ ions (≈0.202 nm) are located on the (110) lattice planes of 
the TiO2(B) core in tunnels (width≈0.297 nm). The introduction of Ce3+ ions reduces the defects of 
the TiO2(B) core by inhibiting the faster growth of (110) lattice planes. More importantly, the redox 
potential of the Ce3+/Ce4+ couple (E0(Ce3+/Ce4+)=1.715 V versus the normal hydrogen electrode) is 
more negative than the valence band of TiO2(B). Therefore, once the Ce3+-doped nanofibers are 
irradiated by UV light, the doped Ce3+ ions in close vicinity to the interface between the TiO2(B) core 
and anatase nanoshell can efficiently trap the photogenerated holes. This facilitates the migration of 
holes from the anatase shell and leaves more photogenerated electrons in the anatase nanoshell, which 
results in a highly efficient separation of photogenerated charges in the anatase nanoshell. Hence, this 
enhanced charge-separation mechanism accelerates dye degradation and alcohol oxidation processes. 
The one-pot treatment doping strategy is also used to selectively dope other metal ions with variable 
oxidation states such as Co2+/3+ and Cu+/2+ ions. The doping substantially improves the photocatalytic 
activity of the mixed-phase nanofibers. In contrast, the doping of ions with an invariable oxidation 
state, such as Zn2+, Ca2+, or Mg2+, does not enhance the photoactivity of the mixed-phase nanofibers 
as the ions could not trap the photogenerated holes. 
 
Introduction 
Titanium dioxide (TiO2) is the most studied photocatalyst material owing to its chemical stability, low 
cost, and nontoxicity.[1-3] TiO2 photocatalysts can absorb photons with an energy larger than or equal 
to their bandgap energy so electrons in the valence band are excited to the conduction band, leaving 
holes in the valence band. The separated charges (electrons and holes) migrate to the solid surface and 
cause reduction and oxidation of species on the surface.[1, 4, 5] Hence, a key issue for the 
photocatalytic activity of TiO2 solids is efficiently separating the photogenerated charge as the fate of 
most photogenerated charges is to quench the photogenerated electrons and holes recombine releasing 
heat and a small fraction of them induces chemical reactions on the surface of the photocatalyst. It has 
been reported that doping various metal atoms/metal ions into pure TiO2 of the anatase phase could 
enhance separation of photogenerated charges and thus allow more charges to participate in redox 
reactions on the photocatalyst surface, thereby improving its photoactivity.[6-13] Moreover, solids 
with mixed anatase and rutile phases, such as Degussa P25, exhibit much higher photocatalytic 
activity than the solids of either pure anatase or rutile phases in many reactions. The superior activity 
is also attributed to the efficient charge separation at the interface between the two phases.[14-17] 
 
Therefore, we infer that if we can selectively dope one phase of a mixed-phase systems with cations 
that can enhance the charge separation, the contribution to the charge separation from the doped 
cations and the phase interface may combine together, and more efficient photocatalysts may be 
obtained. Clearly, it is a challenging task to dope only one phase of two mixed TiO2 phases. However, 
such a delicate structure of a doped phase and an undoped phase may also be interesting for 
applications other than photocatalysts. The key issue of the combination approach to deliver improved 
performance is dependent on the choice of cations and the mixed-phase systems. 
 
Anatase and rutile phases have been widely studied.[14, 15, 18, 19] In contrast, only a few studies 
have been reported on the photoreactivity of TiO2(B)[20-23], a metastable monoclinic polymorph of 
TiO2 and solids of mixed TiO2(B) and anatase phases.[16, 24] In our recent study, delicate TiO2 
nanofibers with a single-crystal TiO2(B) core and a shell of anatase nanocrystals were prepared from 
hydrogen trititanate (H2Ti3O7, abbreviated as T3(H)) nanofibers by means of a two-step hydrothermal 
reaction approach.[16] These mixed-phase nanofibers are more photoactive than catalysts of either 
pure anatase or pure TiO2(B). The mixedphase structure is able to promote irreversible hole transfer 
from the anatase phase to the TiO2(B) phase, which results in higher photoactivity. These mixed-
phase nanofibers were chosen to selectively dope the TiO2(B) phase of the fibers with proper cations 
to further enhance charge separation and, thus, the photocatalytic performance as hypothesized. The 
hydrogen trititanate phase has a layered structure with protons existing in between the negatively 
charged layers. Cations can be introduced into the interlayer space by ion exchange with protons. Also, 
the nanofibers of this phase can be partially or completely converted to anatase nanocrystals, 
depending on the reaction conditions.[25] This allows us to obtain a composite structure of T3(H) 
nanofibers coated with a shell of anatase nanocrystals from the pristine hydrogen trititanate fibers by a 
carefully controlled hydrothermal treatment in acidic media. Cations can be introduced into the 
titanate core of the composite structure by ion exchange as the anatase crystals in the shell have no 
cation-exchange ability. This highlights, therefore, an opportunity:we may selectively dope metal 
cations into the titanatecore of the composite fibers and then convert this doped phase into the TiO2(B) 
phase simply by heating at 723 K to produce nanofibers with a metal-ion-doped TiO2(B) core and a 
shell of anatase nanocrystals. 
 
In the present study, a one-pot treatment was developed to selectively dope cerium ions (Ce3+) into the 
TiO2(B) core of the mixed-phase nanofibers as the Ce3+ ions are stable in the acidic media required for 
the formation of anatase nanocrystals coated on the fibril titanate core. The hydrogen tri-titanate 
nanofibers were first treated in an aqueous solution of Ce(NO3)3 (8×10-5–8×10-3m) and HNO3 (0.05 
M) under hydrothermal conditions (373 K). During this process, anatase nanocrystals formed on the 
surface of the nanofibers due to the dehydration of the surface region of the hydrogen trititanate; 
meanwhile, the Ce3+ ions diffused into the titanate core of the fibers by means of ion exchange with 
protons. The doped titanate core was then converted to the TiO2(B) phase by calcination at 723 K 
while the fibril morphology and the anatase crystals on the fiber surface remained unchanged. 
Characterization results also show that when Ce3+ ions were doped on the anatase nanocrystals of the 
shell by using this approach, a clear decrease in the photocatalytic activity of the mixed-phase 
nanofibers was observed. 
 
Results and Discussion 
TEM and XRD: Figure 1 displays the typical TEM images of three nanofiber samples. As shown in 
Figure 1a–c, a large amount of anatase nanocrystals white and like fishscales are coated on the surface 
of the nanofibers. Ce2O3/CeO2 nanoparticles are observed on the anatase nanocrystal shell of the 
samples treated by the post-phase-transition method, for example, T(AB)Ce04_P fiber (Figure 1b). In 
contrast, such Ce2O3/CeO2 particles are not found in the T(AB)Ce04 sample treated by a one-pot 
approach (Figure 1c). The high-resolution TEM (HRTEM) images (Fig-ure 1d-f) and the inverse fast 
Fourier transform (IFFT) images of the selected areas (Figure 1g–i) also reveal more subtle structural 
changes induced by the introduction of Ce3+ ions. Numerous defects are observed in the TiO2(B) core 
from undoped T(AB) nanofiber (Figure 1g). The post phase-transition doping cannot have an effect 
on the TiO2(B) core because the introduced Ce3+ ions are located on the surface of the anatase shell. In 
contrast, the Ce3+ ions selectively doped into the TiO2(B) core by one-pot treatment clearly reduce the 
dislocations (line defects), and thus most of the defects disappear (Figure 1i). Evidently, the 
introduction of trace Ce3+ ions improves the crystallinity of the TiO2(B) phase. Given that the 
numerous dislocations in TiO2(B) are from the faster growth of (110) lattice planes during the phase-
transformation process,[26] and the introduced Ce3+ ions can inhibit the phase transformation of TiO2 
crystals,[27, 28] some of the doped Ce3+ ions should be located on the (110) lattice plane so that they 
are able to depress the lattice growth and thus, reduce the dislocations.  
 
 
 
 
 
 
 
Figure 1. TEM images of the mixed-phase nanofibers: a) undoped T(AB), b) post-phase synthesized 
T(AB)Ce04_P, and c) one-pot doped T(AB)Ce04. Inset: EDX patterns of T(AB)Ce04_P and 
T(AB)Ce04. HRTEM images of d) T(AB), e) T(AB)Ce04_P, and f) T(AB)Ce04. IFFT image g) 
corresponds to the selected area in d); image h) to that in e); and image i) to that in f). Arrows indicate 
the dislocation defects in the TiO2(B) phase. 
 
Figure 2 shows XRD patterns of the TiO2 nanofiber samples prepared by different approaches. 
Diffractions from the anatase phase (JCPDS 21-1272) and TiO2(B) phase (JCPDS 74-1940) are 
observed in all samples prepared by one-pot synthesis (Figure 2a), which indicates that these 
nanofibers are of mixed anatase and TiO2(B) phases. The diffraction peaks of the anatase phase are 
labeled A* and those of TiO2(B) are labeled B*. The molar ratio between TiO2(B) and the anatase 
phase is about 3:1, which was estimated from the intensity ratio (I33.48/I37.88) of the peak at 33.48 to 
the peak at 37.88 and using a calibration curve. The two peaks correspond to the (3¯11) plane of 
TiO2(B) and (004) plane of anatase, respectively. The patterns of Ce3+-doped samples are similar to 
those of undoped fibers, T(AB), which suggests that the doping of trace Ce3+ ions did not induce the 
formation of any new crystal phase. For samples prepared by the post-phase-transition doping method 
T(AB)Ce05_P, T(AB)Ce04_P, and T(AB)Ce03_P the diffraction intensity of the anatase phase 
decreases evidently as more Ce3+ ions were doped (Figure 2b), especially the peaks corresponding to 
the (101), (004), (105), and (211) planes. However, there is no clear change in the diffraction intensity 
of the peaks from the TiO2(B) phase. This suggests that the doped Ce3+ ions mainly exist in the 
anatase shell. This is reasonable because the post-phase-transition doping strategy is developed using 
the mixed-phase T(AB) nanofibers as starting materials. The Ce3+ ions are inclined to deposit on the 
external anatase surface forming cerium oxide and cannot diffuse into the TiO2(B) core. 
 
 
 
 
Figure 2. XRD patterns of Ce3+-doped mixed-phase TiO2 nanofibers obtained by a) the one-pot 
treatment, and b) the post-phase-transition approach. 
 
 
 
X-ray photoelectron (XPS), photoluminescence (PL), and diffuse reflectance (DR) UV-visible 
spectra: Figure 3a shows the Ce 3d XPS spectra of T(AB)Ce03 and T(AB)Ce03_P. The 
representative photoelectron peaks of Ce 3d were observed from the spectrum of T(AB)Ce03_P. This 
means the doped Ce3+ ions obtained by means of the post-phase-transition approach were located at 
the external anatase shell as the XPS technique can only probe the elemental composition of the 
surface region (<10 nm thick). The clear u’/v’ doublet pertains to photoemission from the Ce3+ ion, 
and the weak u/v doublet is assigned to the photoemission from the Ce4+ ion. This indicates that the 
doped Ce exists as a mixture of Ce2O3 and CeO2.[10] However, the Ce 3d photoemission signal was 
not observed from the spectrum of sample T(AB)Ce03, which is obtained by using the one-pot doping 
method. This also means the Ce3+ ions doped by one-pot treatment are located inside the TiO2(B) core 
rather than in the external anatase shell. 
 
  To further verify the location of the doped Ce3+ ions in the nanofibers of a TiO2(B) core and anatase 
shell prepared using one-pot treatment, Eu3+ ions (instead of Ce3+ ions) were introduced into the fibers 
by using the same one-pot doping method. Eu3+ ions can provide a strong photoluminescence signal 
that is affected by the crystal lattice. The signal can be used to determine which phase the Eu3+ ions 
exist in. The fluorescent excitation and emission spectra of Eu3+ -doped mixed-phase nanofibers are 
shown in Figure 3b. The excitation spectrum of Eu3+ (inset) is composed of two absorption bands: one 
at 394 nm caused by electronic transitions corresponding to 7F0–5L6, and one at 468 nm 
corresponding to the 7F0–5D2 transition. Additionally, the emission spectrum excited by the 394 nm 
light is similar to that excited by the 464 nm light. The sharp peaks ranging from 560 to 720 nm are 
intense characteristic emissions of Eu3+, which are caused by the 5D0–7FJ (J=1–4) transitions of 
Eu3+ions. The dominant peak in the spectra is located at 614 nm and corresponds to the Eu3+ electric 
dipole transition of 5D0–7F2, which illustrates that there is no inversion symmetry at the site of the 
Eu3+ ions.[29] In other words, the ions exist in an unsymmetrical structure. Given that TiO2(B) has a 
monoclinic structure, and space group C2/m, a typical unsymmetrical structure, the PL result indicates 
that Eu3+ ions should be selectively doped into the TiO2(B) phase. This is consistent with the result 
from XPS analysis. 
 
 
 
Figure 3.  Figure 3. a) Ce 3d XPS spectra of one-pot doped T(AB)Ce03 and postphase synthesized 
T(AB)Ce03_P. b) PL spectrum of Eu3+-doped mixedphase nanofibers prepared by one-pot treatment. 
Inset: the excitation spectrum monitored at 613 nm. 
 
 
Figure 4 shows the DR-UV-visible spectra of the samples. A slight blueshift is observed for 
T(AB)Ce04 and T(AB)Ce05 (samples obtained by the one-pot doping method) compared with the 
spectrum of the undoped sample T(AB) fibers. Such a slight blue shift could be attributed to the 
reduction of defects in the TiO2(B) phase. For the samples prepared using post-phase-transition 
doping, the absorption edge shifts towards longer wavelengths (Figure 4b). This is due to the 
transition of Ce 4f electrons as reported in the literature.[30, 31] 
  
 
 
 
 
 
 
Figure 4. DR-UV-visible spectra of Ce3+-doped mixed-phase nanofibers prepared by a) one-pot 
treatment and b) post-phase-transition approach. 
 
 
One-pot doping process: On the basis of these results, a structure scheme is proposed (Figure 5) for 
the selective doping of Ce3+ ions into the TiO2(B) phase of the mixedphase nanofibers. First, the Ce3+ 
ions diffuse into the interlayer space between negatively charged titanate layers of the T3(H) phase of 
the nanofiber core through ion exchange (Figure 5a,b). According to our previous study, [32] the 
metal ions exchanged into the layered titanate exist at the (003) plane—the corners of TiO6 octahedral 
slabs (Figure 5b). At the same time, the titanate phase in the surface region of the T3(H) nanofibers 
will convert to anatase nano-crystals due to the acidic environment.[16, 25] It is very difficult for the 
Ce3+ dopants to be incorporated into the lattice of anatase nanocrystals because of the large difference 
between the ionic radii of Ce3+ (0.101 nm) and Ti4+(0.068 nm).[33] Then, the unconverted core of the 
T3(H) nanofibers will transform to the TiO2(B) phase in the subsequent calcination at 723 K (Figure 
5b,c). It is known that the perfect TiO2(B) lattice possesses parallel tunnels perpendicular to the (010) 
plane that have been used to insert Li+ ions into TiO2(B) nanowires.[21, 34] The size of the 
tunnels(≈0.297 nm, Figure S1 in the Supporting Information) is large enough to accommodate the 
doped Ce3+ ions. More importantly, as shown in Figure 5c, the tunnels are distributed on the (110) 
plane. This means the Ce3+ ions accommodated in the tunnels will also be located on the (110) plane. 
This location of Ce3+ ions explains their function of reducing defects on the faster growth of (110) 
lattice planes of TiO2(B) during the phase-transformation process (Figure 1). 
 
 
 
 
 
Figure 5. Proposed selective doping of Ce3+ ions into the TiO2(B) phase of the mixed-phase 
nanofibers during the one-pot doping process. 
 
 
Photoactivity: The photocatalytic performance of the selectively Ce3+-doped TiO2 nanofibers in 
decomposing a synthetic dye, sulforhodamine B (SRB), under UV irradiation is shown in Figure 6. 
Apparently, the doped sample T(AB)Ce04 displays higher photoactivity than the undoped T(AB) 
nanofibers. However, if the Ce3+ ions are deposited onto the surface of the anatase shell by means of 
post-phase transition, a negative effect on photoactivity is observed. For instance, the 
photodecomposition ability of T(AB)Ce04_P is much lower than that of the parent T(AB) nanofiber. 
We also used the Ce3+-doped TiO2 mixed-phase nanofibers as catalysts to selectively oxidize benzyl 
alcohol to benzaldehyde, which is a fundamental transformation in the synthesis of fine chemicals. 
The conversion and selectivity of the oxidation of benzyl alcohol are shown in Figure S3 in the 
Supporting Information. Benzyl alcohol could be oxidized to benzaldehyde by all the TiO2 mixed-
phase nanofibers under UV-light irradiation in the presence of O2. Compared with the undoped T(AB) 
nanofibers, the selectively Ce3+-doped samples prepared by means of one-pot treatment, such as 
T(AB)Ce03 and T(AB)Ce04, displayed higher conversions. However, the conversion of Ce3+-doped 
nanofibers prepared by post-phase transition is lower than that of undoped T(AB) nanofibers. 
 
 
 
Figure 6. The photocatalytic activity for degradation of SRB by Ce3+-doped mixed-phase TiO2 
nanofibers under UV light by one-pot synthesis and the post-phase-transition approach. 
 
 
 
Proposed holes entrapment mechanism: Based on the core/shell structure and selective doping 
scheme shown in Figure 5c, we can interpret the enhanced photoactivity of the nanofibers with doped 
Ce3+ ions in the TiO2(B) core. First, from the DR-UV-visible spectra of the samples (Figure S2a in the 
Supporting Information), the bandgaps of TiO2(B) and the anatase phase can be estimated to be 
approximately 3.05 and approximately 3.19 eV, respectively.[16] Their valence band edge positions 
were also calculated by using Mott–Schottky measurements[35, 36] and are presented in Figure S2 in 
the Supporting Information. Since the bandgap of TiO2(B) is narrower than that of anatase and there 
are wellmatched interfaces between the TiO2(B) core and anatase nanocrystals in the shell, which 
facilitate the interphase charge migration, the photogenerated charges can migrate from the anatase 
shell to the TiO2(B) core.[16] Given that the photogenerated holes migrate faster than photogenerated 
electrons in anatase nanocrystals,[16, 37] the holes can migrate more promptly to the adjacent TiO2(B) 
core than the electrons can. The overall outcome of the interphase charge migration is that a higher 
electron concentration is left within the anatase shell. This reduces the quenching of the 
photogenerated electrons and holes in the anatase shell and increases the opportunity for the oxygen 
molecules adsorbed on the anatase surface to participate in the oxidation by capturing electrons. The 
anatase surface has a much stronger ability to adsorb and activate oxygen molecules (the oxidant) 
than the TiO2(B) surface does.[17] Hence, the mixedphase nanofibers exhibit higher photoactivity 
than fibers of either pure component TiO2 phase.[16] Second, the redox potential of the Ce3+/Ce4+ 
couple (E0 (Ce3+/Ce4+)=1.715 V versus the normal hydrogen electrode (NHE)) is more negative than 
the valence band of TiO2(B) as shown in Figure 7a. Thus, the doped Ce3+ ions in close vicinity to the 
interface between the TiO2(B) core and anatase nanocrystals in the shell can trap holes, and are 
oxidized to Ce4+. This facilitates the migration of holes from the anatase shell and contributes to the 
separation of photogenerated charges in the shell. Such a mechanism is schematically illustrated in 
Figure 7a. 
 
Compared with the undoped samples, the more holes that migrate to the Ce3+ ion-doped TiO2(B) core, 
the more photogenerated electrons are left in the anatase shell to react with O2. The enhanced hole 
migration due to the doping of Ce3+ ions is confirmed by an EPR technique. The EPR spectra of T(AB) 
and T(AB)Ce04 are displayed in Figure 7b. When the samples are exposed to UV irradiation for 5 
min, a peak at g=2.006 (attributed to the hole signal of anatase) and a peak at g=2.016 (attributed to 
the hole signal of the TiO2(B) phase) are observed.[16] Interestingly, the slightly enhanced intensity 
of the peak at g=2.016 andthe decreased intensity of the peak at g=2.006 are observed from the 
spectrum of the T(AB)Ce04 sample, in which Ce3+ ions are selectively doped in the TiO2(B) core. 
This suggests that more holes generated in the valence band of anatase nanocrystals of this sample 
migrated to the Ce3+-ion-doped TiO2(B) core (to its valence band and to oxidize Ce3+ ions to Ce4+ 
ions). Hence, more photogenerated electrons are left in the anatase shell, compared with those in the 
undoped T(AB) nanofibers. These electrons can be captured by O2 molecules, yielding active O2 that 
is responsible for the oxidation of alcohols and the dye-degradation process. 
 
 
According to the mechanisms proposed in Figures 5 and 7, the doping strategy of one-pot treatment 
should also be effective to selectively dope other metal ions into the TiO2(B) core of mixed-phase 
nanofibers. To verify the mechanism of the contribution of the doped cations to the photocatalyst 
performance, various metal ions were introduced into the TiO2(B) core using the same one-pot doping 
method. They can be grouped into cations with variable oxidation states such as Co2+/3+ and Cu+/2+, 
and ions with an invariable oxidation state such as Zn2+, Ca2+, and Mg2+. The results in Figure 8 
indicate that doping ions with variable oxidation states substantially improved the photocatalytic 
activity of the doped mixed-phase nanofibers. In contrast, those ions with an invariable oxidation state 
did not enhance the photoactivity of the mixed-phase nanofibers because they could not entrap the 
photogenerated holes. The  results suggest that the mechanism illustrated in Figure 7a for Ce3+/4+ ions 
is applicable to other ions with variable oxidation states. These ions doped in the TiO2(B) core of the 
mixed-phase nanofibers can enhance photocatalytic activity. 
 
 
 
 
Figure 7. a) Proposed mechanism of the enhanced electron–hole separation in the mixed-phase 
nanofibers that were selectively doped with Ce3+ ions under UV-light illumination. b) EPR spectra of 
T(AB) and T(AB)Ce04 after 5 min of UV illumination. The spectra were measured at 135 K. 
 
 
 
 
 
Figure 8. Photocatalytic activity of mixed-phase nanofibers doped by Co, Cu, Zn, and Ca by means of 
the one-pot method and Mg for SRB degradation under UV light, respectively. 
 
Conclusion 
In summary, the one-pot treatment is an effective and relatively simple approach to produce a delicate 
structure of TiO2 nanofibers with a single-crystal TiO2(B) core and a shell of anatase nanocrystals. 
The TiO2(B) core is selectively doped with metal ions of variable oxidation states such as Ce3+, Co2+, 
and Cu+ ions, whereas the anatase nanocrystals in the shell are undoped. These nanofibers exhibited 
superior photocatalytic performance to the undoped T(AB) nanofibers. These doped ions can 
effectively trap the photogenerated holes while themselves being oxidized to a higher oxidation state. 
This facilitates migration of the holes from the anatase shell to the TiO2(B) core. The hole migration 
reduces the recombination of the photogenerated holes and electrons in the anatase shell, and 
increases the opportunity for O2 molecules adsorbed on the anatase surface to capture photogenerated 
electrons, thus improving the photoactivity. This one-step doping and phase-transition strategy can 
also be utilized for applications beyond photocatalysts to create advanced materials. 
 
 
Experimental Section 
Synthesis of Ce-doped mixed-phase TiO2 nanofibers: All the TiO2 nanofiber samples were 
prepared from H-titanate nanofibers that were synthesized using TiOSO4·H2O as raw material.[30] 
The one-pot treatment was performed as follows: H-titanate nanofibers (0.3 g) were dispersed in 
aqueous solution (30 mL) of mixed Ce (NO3)3 (8×10-5m) and HNO3 (0.05m) and kept at 383 K for 
24 h. The surface of the parent H-titanate nanofibers were converted to anatase crystals. The obtained 
nanofibers of H-titanate core/anatase shell structure were separated by filtering and were washed 
carefully with deionized water to remove the Ce3+ions adsorbed on the surface. The washed 
nanofibers were calcined in air at 723 K, and the H-titanate core was converted to the TiO2(B) phase, 
denotedas T(AB)Ce05. The other Ce-doped samples were prepared in the same way but using 8×10-4 
and 8×10-3 m Ce (NO3)3 aqueous solutions, and denoted as T(AB)Ce04 and T(AB)Ce03, respectively. 
The undoped nanofibers, denoted T(AB), were prepared using the same procedure but without Ce 
(NO3)3. For comparison, the T(AB) samples were also treated with an aqueous solution of mixed Ce 
(NO3)3 and HNO3. In such a post phase transition approach, T(AB) nanofibers (0.3 g) were dispersed 
in8×10-5m Ce (NO3)3 aqueous solution (30 mL). The suspension was magnetically stirred for 24 h at 
ambient temperature. The nanofibers were separated from the suspension by filtering and then 
calcined in air at 723 K. This product was labeled T(AB)Ce05_P. Prepared in the same way but using 
8×10-4 and 8×10-3m Ce (NO3)3 aqueous solutions, two other Ce-doped samples were obtained and 
denoted T(AB)Ce04_P and T(AB)Ce03_P, respectively. It was expected that the Ce3+ ions were 
doped on the surface of the T(AB) nanofibers by this approach. 
 
Characterization: The TEM study on the fibers was conducted on a FEI Tecnai F20 microscope 
operating at 200 kV. The composition of some samples was determined by energy-dispersive X-ray 
spectroscopy (EDX) attached onto the same microscope. XRD patterns of the sample powder were 
recorded on a Siemens D5000 diffractometer equipped with a graphite monochromator. CuKa 
radiation and a fixed power source (40 kV and 40 mA) were used. We measured the DR-UV-visible 
spectra of the samples on a Varian Cary 5000 spectrometer. EPR spectra were recorded with a Bruker 
EPR ELEXSYS 500 spectrometer operating at a frequency of 9.5 GHz in the X-band mode. 
Measurements were performed with an ER 4131 VT variable-temperature accessory at 135 K. The 
spectra were acquired when samples within the cavity were illuminated at 135 K by UV light, and an 
irradiation source (a Quanta-Ray Nd: YAG laser system with a wavelength of 355 nm) was used. The 
XPS analyses were performed on a Kratos AXIS Ultra with a monochromatic Al X-ray source at 150 
W. 
 
Photocatalytic activity test: The photocatalytic oxidation of benzyl alcohol was carried out under 
irradiation by a 100 W Hg lamp (B-100AP high intensity UV lamp, UAP, UK). Briefly, benzyl 
alcohol (0.1 mmol) and photocatalyst (25 mg) were dissolved in benzotrifluoride solvent (1.5 mL). 
The photocatalysts used here were pretreated with acid.[38] After the reaction (2 h), the products were 
separated and analyzed by GC-MS methods (Agilent 6890/5973) with a HP-5MS column. The UV 
light source for degradation of dye was six tubular Hg lamps (NEC, FL20SBL) of 20W, and the 
irradiation peaked at a wavelength of about 350 nm. The catalyst concentration was 0.5 gL_1, and the 
initial concentration (C0) of the sulforhodamine B (Aldrich) was 1.8×10-5m. At regular irradiation 
time intervals, the dispersion was sampled, and the specimen was filtered through a Millipore filter 
(400 nm, Teflon) to remove the catalyst particles prior to the analysis. The filtrate was analyzed by 
UV-visible spectroscopy (Varian Cary 100 spectrometer) for the absorbance intensity using a reading 
at 565 nm. 
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